SHORT COMMUNICATIONS 137 principle yields the cylinder-half pipe combination for the shape of the three concentric hats. It provides for a wide diffraction range 0 < 20 < 180 °. We optimized the statistics over the sample grains for the whole diffraction range by using a cold sample spinner. To improve thermal contact, exchange gas is used during work at all temperatures. The lowest temperature of 8 K is reached by a compact construction with a full first-stage shielding of the cold head mountings, whereas the cooldown time of 2 h is achieved by using as little material as possible. Because of the wide diffraction range and the possibility of orienting the sample from the outside, the cryostat is a very versatile instrument. Hence, it also allows investigation of the orientation of, for example, thin films at 8 < T < 300 K.
Introduction
The refinement of crystal structures from powder diffraction data has become more common since the advent of the Rietveld method (Rietveld, 1969) . Progress has also been made on the ab initio determination of crystal structures from powder data. The development of higher-resolution powder diffractometers, which use both X-and neutron radiation, has increased the probability of success and several structures have been determined (Lehmann, Christensen, Fjellv~g, Feidenhans'l & Nielsen, 1987) . Both Patterson techniques (e.9. Attfield, Sleight & Cheetham, 1986 ) and direct methods (e.9. Cheetham, David, Eddy, Jakeman, Johnson & Torardi, 1986 ) have been used. *Author to whom correspondence and enquiries for copies of the program POLISH may be addressed.
The application of these techniques, however, has been limited by the difficulty of obtaining accurate structurefactor magnitudes, owing to the overlap of peaks in a powder diffraction pattern. Pawley (1981) proposed a technique for refining the unit-cell dimensions and for producing a set of structure-factor magnitudes that could be used in a direct-methods program. Each reflection is assigned a variable intensity and all are included in the least-squares matrix, along with the unit-cell and peak-shape parameters. The close proximity of reflections in the scan produces ill conditioning in the least-squares matrix, which is overcome by the use of slack constraints. However, if the spacing between two (or more) reflections is less than the scan step, the reflections are treated as a single reflection and the intensity of this 'reflection' is then divided equally among the contributing reflections. A similar method has been utilized by Jansen, Sch/ifer & Will (1988) in their program PROFIN, except that slack constraints are not used; the intensities are divided equally when the overlap is too close.
The method proposed here may be used to improve the accuracy of the structure-factor magnitudes obtained from a unit-cell-refinement program and thus increase the probability of successful ab intio structure determination. It may also be used to refine the structure factors without unit-cell refinement. As the calculated profile for each reflection is a linear function of the intensity, a standard method for the solution of linear least-squares problems is used (Wilkinson & Reinsch, 1971) . Unless a reflection is separated from its neighbour either by less than the scan step (SS), or (the choice is the user's) by less than a multiplying factor (MF) 0021-8898/93/010137-03506.00 x the peak full width at half-maximum (FWHM), it is treated separately, thus avoiding the problem of ill conditioning. If the components of a set of reflections are separated by less than the SS/MF x FWHM, the reflections are solved as a single reflection and the intensities are then assigned equally. The method is similar to that of the program PROFAN (Jansen, Sch/ifer & Will, 1988) . For illustration, the proposed method is applied to the previously determined structure of ammonium nitrate (phase V) (Ahtee, Smolander, Lucas & Hewat, 1983 ).
Method
The starting point for the procedure is a backgroundcorrected powder diffraction scan. The unit cell will generally have already been refined with a unit-cell-refinement program, but it may also have been derived from a singlecrystal study. If refined values of the structure-factor magnitudes are available then a list of reflections, together with associated 20 positions, peak half-widths and multiplicities, may be used as the input for the program. Since, as the name implies, the program is designed to 'polish' the structure-factor magnitudes, this is the recommended method of operation. However, if refined values of the structure-factor magnitudes are unavailable then the program can also be used to perform this refinement of the structure-factor magnitudes, starting with initial values of zero. For this latter mode of operation, a list of data is not required and the space-group information, unit-cell parameters, wavelength and instrumental parameters are input from the terminal.
The reflections are examined step by step in increments of 20. Those reflections that are separated from their nearest neighbours by more than the SS/MF × FWHM are treated individually. After the contributions from nearby reflections have been subtracted, the number of counts at each scan point in a reflection profile is a linear function of the intensity of the reflection. Therefore, a set of linear equations may be produced for each reflection and solved for the intensity using the standard method of QU factorization (Wilkinson & Reinsch, 1971 ). This method minimizes the sum of the (unweighted) squared differences between the calculated and observed scan profiles. If a group consists of two or more reflections that are separated from each other by less than the SS/MF × FWHM, the group is treated as a single reflection; upon solution, the intensity of the 'reflection' is divided equally among the contributing reflections in the group.
The intensity value determined for each reflection is dependent on the magnitude of the 'background' con-tributed by its neighbours. Therefore, it is necessary to substitute the new set of structure-factor magnitudes and iterate the above procedure until the values of the structurefactor magnitudes have converged. The value of Rprofil e for each reflection from the current method is then compared with an .R~e calculated from the initial reflection intensity supplied by the user. If Rprofil e for any reflection is greater initial than Rprofil,, the value of that structure-factor magnitude is replaced by its initial value. The refinement is again continued until convergence.
Application to ammonium nitrate, ND4NO 3 (V)
The previously determined structure of ND4NO 3 (V) at 5 K (Ahtee, Smolander, Lucas & Hewat, 1983 ) was chosen as the first test of this method. The space group is Pccn, Z = 8, a = 7.8909 (2), b = 7.9262 (1) and c = 9.8099 (2)/~. The data used were collected at 1.909 ,~ with the D1A neutron powder diffractometer at the ILL, Grenoble, in steps of 0.05 ° over the 20 range 6.05 to 160.00 ° .
The initial unit-cell and intensity refinements were performed with ALLHKL (Pawley, 1981) . Attempts to refine the unit-cell dimensions and intensities without knowledge of the space group were unsuccessful and this information was therefore included in the refinement. Attempts to refine the instrumental parameters were unsuccessful and they were set at their initial values, which were typical of the diffractometer used. The full set of 351 intensities was successfully refined and the final (unweighted) residual Rprofil e was 15.0%.
A computer program POLISH has been written to apply the current method to neutron powder data, and a data scan file and a list of reflections and associated 20 positions, peak half-widths, multiplicities and structure-factor magnitudes generated by the final cycle of ALLHKL were used as the input for POLISH. The selection of SS or MF × FWHM was also made as part of the input and trials were made with both SS and 0.1 x FWHM. The full set of 351 intensities was used and convergence was achieved after 17 refinement cycles, which required 53 CPU min on a VAX 11/750. The final Rprofil e (calculated by ALLHKL) from POLISH (with 0.1 × FWHM) was 10.7%.
The main aim of the current method is to generate a set of structure-factor magnitudes for structure determination. As structure determination methods are sensitive to errors in the values of the structure-factor magnitudes, a restricted (but more accurate) set of structure-factor magnitudes may be preferred to a larger inaccurate set (Christensen, Lehmann & Nielsen, 1985) . Therefore, two smaller sets of structure-factor magnitudes were also used with POLISH. The sets of structure-factor magnitudes produced by POL-ISH were then used in the structure determination program MITHRIL (Gilmore, 1984) . However, attempts to confirm the known structure with MITHRIL, using either the initial structure-factor magnitudes or the sets produced by POL-ISH, were unsuccessful. A comparison of the set of structurefactor magnitudes produced by POLISH and the initial set with a set of structure-factor magnitudes produced from the correct structure, however, showed that POLISH had produced an improved set of structure-factor magnitudes in all cases. The (unweighted) structure-factor residuals RF (after appropriate scaling) and the residual Rproril e for each set are compared in Table 1 . For a more detailed comparison, a selection from the first 40 (scaled) structure-factor magnitudes produced by ALLHKL and POLISH (from the trial with 351 reflections) is listed in Table 2 . A reflection is listed if the structure-factor magnitudes produced by ALLHKL and POLISH differ significantly both from the correct value and from each other. If the magnitude produced by A LLHKL is better than the value produced by POLISH, it is listed in italic type. It may be seen that the values of most structure-factor magnitudes have been improved by POLISH.
Concluding remarks
The test with ND4NO3 (V) has shown that POLISH may be used with a unit-cell-refinement program to produce a generally more accurate set of structure-factor magnitudes and a closer fit to the observed scan than can be obtained from the unit-cell-refinement program alone. As direct methods and Patterson techniques are dependent on the value of the structure-factor magnitudes, the use of POLISH to improve the structure-factor magnitudes could enable a successful structure determination. However, that did not prove to be possible with the current data. Although POLISH has produced a better set of structure-factor magnitudes than the unit-cell-refinement program alone, the failure to determine the structure with MITHRIL suggests that, for ill conditioned reflections, POLISH may need to be supplemented by the use of such structural determination methods as those proposed by David (1987) and Jansen, Peschar & Schenk (1990) .
POLISH is written in VAX Fortran77 and uses a subroutine from the NAG library. The program has been successfully run on a VAX 11/750 and a copy is available from the authors.
